Old World climbing fern (Lygodium microphyllum) has become one of the most serious ecological threats to the integrity of the greater Everglades ecosystem of south Florida. In this study, we analyzed the effects of Old World climbing fern on surfacesoil characteristics at invaded sites in Florida. We compared soil characteristics of six invaded and adjacent uninvaded plots at three different locations. Our results show that the fern can grow and thrive in a wide range of soil types and the impact on the soil was site specific with effects being more prominent in sites with low nutrient status. Additionally, there were significant differences in the soil nutrient status and microbial population in the invaded and uninvaded sites. Sites with Old World climbing fern had significantly higher nutrient concentrations that correlated with higher soil organic matter. Overall our results indicate that this exotic pest plant can potentially alter its below ground environment to its own benefit by enhancing the soil nutrient status byadding soil organic matter.
Introduction
Invasion by exotic invasive plants has a substantial impact on the structure, function, and composition of the native communities (Evans et al. 2001; Ehrenfeld, 2003; Rice and Emery, 2003; Vila et al. 2011; Lanta et al. 2015) . Existing literature provides evidence that invasive plant species can modify physical, chemical, and biological properties of the soil including inputs and cycling of nutrients (Ehrenfeld, 2003; Hawkes et al. 2005; Sperry et al. 2006) , soil pH (Kourtev et al. 2003) , soil organic matter and aggregation (Saggar et al. 1999) . Invasive plants also modify the biotic composition of the soil by affecting the soil food web (Duda et al. 2003) , total microbial communities (Kourtev et al. 2003) , and fungal communities (Hawkes et al. 2006) . Some invasive plants are also reported to exude allelochemicals which could inhibit soil borne pathogens, defend against disease, and repel insects (Yuan et al 2012; and references there in) .
However, the documented impacts of invasive species on soil characteristics are diverse. Most of the studies have reported increased soil nutrient stock in invaded sites compared to non-invaded sites creating a positive feedback benefiting invasive species (Duda et al.2003; Vanderhoeven et al.2005; Liao et al. 2008; Perkins, 2011) . A meta-analysis of litter decomposition rates by Liao et al. (2008) showed that the litter decomposition rate of the invasive plants was on average, 117% faster than the co-occurring native species. However, Ehrenfeld (2010) demonstrated slower rates of litter decay in exotic species compared with the native plant species. This species-specific variation was attributed to be the most important factor in determining the decomposition rates (Hoorens et al. 2003) , as each plant species has a unique biochemical composition, including the nitrogen concentration and carbon-to-nitrogen ratio. Gordon (1998) in her metaanalysis has shown that out of 31 species considered most invasive, 12-20 (39-64%) potentially alter the ecosystem properties of geomorphology, hydrology, biogeochemistry, and disturbance in Florida.
Lygodium microphyllum (Old World Climbing Fern) is a highly invasive species distributed throughout the freshwater and moist habitatsof south Florida.
It is common in cypress swamp, pine flatlands, wet prairies, sawgrass marshes, mangrove communities, and the Everglades tree islands (Pemberton and Ferriter, 1998) . According to an estimate by (Ferriter and Pernas, 2006) , L. microphyllum covers 183,080 acres in the entire South/Central Florida region. Managing L. microphyllum has been a significant challenge for land resource managers and researchers due to its extensive rapid invasion in natural areas of south Florida. Once established, L. microphyllum dominates both understory and overstory native wetland habitats, and has the ability to grow in varying hydrological (Gandiaga et al. 2009 ), nutrient (Volin et al. 2010 ), soil pH (Soti et al. 2014 , and light gradients (Volin et al. 2004) . Soti et al. (2014) have shown that L. microphyllum is highly dependent on mycorrhizal fungi for growth and phosphorus uptake which could highly enhance its invasiveness. 
Methods

Sampling sites
Two sites in south Florida were selected for the com- Table 1 . A total of 100 μl of diluted soil suspension was spread on three plates per soil sample for both bacteria and fungi at each dilution level. Nutrient agar containing cycloheximide solution (to prevent fugal growth) was used for bacteria and Rose Bengal Agar (RBA) with streptomycine sulphate (to prevent bacteria growth) was used for the estimation of fungal colonization. Sterilized water was spread on the agar plates that were used as controls. 
Data analysis
Results
Our results show that there was a clear contrast between the rhizosphere soils from the three sites (Table 2, Significant differences were found in the soil chemistry among invaded and non-invaded soils in different between the invaded plots and non-invaded plots in all three sampling sites (Table 2 ). Most notably, there were significant differences in the total soil Al, C, Ca, and OM% at all three sites ( Though it was site specific, L. microphyllum invasion callused a shift of the bacteria and fungi CFUs (Table   4) Pearson's correlation analysis among the soil variables indicated that there was a strong correlation between soil nutrients and soil organic matter (Table 5) Table 3 . Results of two-way analyses of variance (ANOVA) with degree of freedom (DF), F-value and probability levels for the effects of site, plant type and the interaction of the two on the soil characteristics. OM: soil organic matter; TBC: total bacterial count; TFC: total fungal count.
Discussion
In this study we compared soil from three different sites with contrasting soil characteristics and land use history; thus, the differences observed in soil measured soil parameters among these sites are in large part explained by this. The site effect was highly significant for all the soil parameters analyzed, indicating that L. microphyllum can adapt to and thrive in sites with a significant variation in nutrients as well as other soil characteristics. Additionally, our results indicate L microphyllum has a significant impact on the soil characteristics, and the effect is highly dependent on existing soil conditions. Impacts on the total nutrient pool and microbial community structure are con- cantly increased compared to the coexisting natives (Duda et al. 2003; Vanderhoven, 2005; Dassonville et al. 2008; Liao et al. 2008; Perkins, 2011) . This effect was most evident at sites with lowest nutrient con- Our results also show a difference in the rhizosphere microbial community which contributes directly to plant fitness, nutrient acquisition and stress tolerance.
There was an increase on the fungi populations under L. microphyllum compared to the native species, while a decline in the bacteria population. This could be the result of the difference in the carbon input from plant to soil through root exudation (Merino et al. 2015; Violante and Caporale, 2015) . Further analysis on the type of microbes and the role of allelochemicals, which are reported to be an important determinant for invasive success of exotic plants (Bais et al. 2003) , in regulating the soil microbial community structure is necessary, but our results provide some evidence that L. microphyllum could regulate the structure of soil microbial communities in its rhizosphere.
Additionally, Since the Tree Tops site was a seasonally flooded site, this site had a high percentage of soil organic matter, which is common in the Florida Everglades. Soil organic matter was significantly higher in the invaded sites compared to the non-invaded sites.
Soil organic matter was strongly correlated to the available soil nutrients which indicates that the difference in the organic matter inputs to the soil under the natives and L. microphyllum could influence the difference in the nutrient availability.
Although any pre-existing differences in the plots with and without L. microphyllum cannot be disregarded with complete certainty, we believe that the differences in the soil characteristics between the invaded and uninvaded plots could be the result of difference in plant species in them.
Conclusion
L. microphyllum invasion is still expanding and preand post-invasion comparison could provide a better insight on the alternative hypothesis that persisting differences in site leading to exotic species invasion.
Successful management of habitats invaded by exotic plant species requires a prior knowledge of whether the invaders have significantly altered the ecosystem (Walker and Smith, 1997) because soil properties such as texture, pH, and organic matter content influence herbicide efficiency and therefore control success.
Along with the added organic matter, nutrients, and changes in the pH of the soil, other specific ecosystem process as outlined by Gordon (1998) could also be influenced by various exotic invasive species that create positive feedback for themselves and future invaders. Additionally, mechanisms such as production of allelochemicals, and changes in the microbial communities merit future research to achieve successful control of L. microphyllum and other exotic invasive species in the Everglades.
